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Sill-lMARY 
A mathematical analysis ,·ras made of the effect of misalinement 
among the components of rectangular and equiangular strain rosettes 
on the determination ~f the magnitudes and directions of principal 
strains . Misalinements of ±2° among individual gages introduce no 
sertous errors in the computation of principal strains from r osette 
data . Errors caused by a given misalinement are proportional to 
the maximum shear strain at the test point and the effect is most 
important in regions of pure shear . 
The equations derived in the analytical investigation provide 
corrections that are applicable only if the misalinements are lmmffi . 
These equations indicate qualitatively the limits of accuracy with 
which strain determinations can be made w~en the possibility of 
misalinement exists . Verification of the analysis was made by 
experimental investigat :~ on of the behavior of a rosette the misaline-
ment of which was known . 
INI'RODUCTION 
The application of strain rosettes for the determination of 
magnitude and direction of principal strains at selected points on 
a stressed surface is 'Tell lL~own and several techniques have been 
developed for analyzing the rosette data into the requisite princi-
pal strains and their directions (roferences 1 to 7). The methods 
of analysis take for granted that the strain gages constituting 
the rosette are alined at definite angles to one another; for 
example, 00 , 450 , and 900 in the rectangular rosette or 0°, 60°, 
and 1200 in the equiangular rosette . Although strain rosettes are 
now corrrlJ1.ercially available and there is little reason to doubt the 
accuracy of t heir alinement, special applications in stress analysis 
often require that a rosette be constructed from individual gages . 
Unless great care is taken to orient t~e gages of the rosette, some 
misalinement is generally found to exist among the gages . Specula-
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tion arises as to the error that might be introduced by misaline-
ments of 10 or 20 \'Thich might normally be expected among the gages 
of an inprovised rosette . 
This speculation has a foundation inasmuch as the equations 
for t'ivo-dimensional strain distributi.on about a strained point indi-
cate that in the region of certain critical directions the linear 
strain rapidly changes when the direction along which the strain is 
measured is only slightly varied . Consider, for example , the strain 
distribv.tiol1 about a point at which the principal strains are 2000 
and - LOOO microinches per inch . At 430 to the direction of maximum 
strain, the linear strain is 608 microinches per inch, at 450 the 
strain is 500 microinches per inch, and at 47'0 the strain is 
392 microinches per inch . ThUS , a gage ori8nted presumably at 450 
to the major principal direction but actually at 45 ~2° is capable 
of a strain indication anyw'here betw'een 392 to 608 microinches per 
inch . This range of strain is, of course, serious; it is con-
cei vable, hmvever, that if the gaGe is part of a rosette its 
unfavorable angular orientation may be compe:':lsated by the more 
favorable ang'.llar orientations of the other gae,es along directions 
in which small inc:"'ements of angle do not a:! '··.'ec·c the S·c12.in indi -
cation. The prinCipal s~rains as computed from the rosette data 
may therefore not be in error as much as the strain indication of 
anyone gage. 
A mathematical analysis of the errors in the detel~ination of 
direction ann. mag:litude of prinCipal strains that are introduced 
by misallneme::J.t of t:1e gages of a rosette i8 presented with some 
deductions that can be o.r'a:..m from the results of the analysis . 
A method is also s1.~ggest0d for checking rep:::'esentati ve x·osettes of 
a given design and construction for exactness of alinement . 
EQ.UATIOI~S FOR ERRORS DUE TO MISALINEt·1ENT 
The matrematical derivations for the effect of misalinement 
of the strain·osage components of strain rOSi'lttes are given in the 
append ix. ~I':'le cJ.e' ·1. vationo CO:::1sist of substi tuti:::1g the (,'CY'oneous 
strain,=, obt'cl.in'ld f~or.J. t~:e :nisa'_.l.ned rosette into t '~e fo:rmulas 
generally us.::.d f or :'oduc-i.ng G.E'.ta obtained fro'1\. p::"·::'l?erly [-:!.lined 
rosett.es . T:16 ap)21'0::1t :oy2.ncipal stra ins and t ho.· r dir~' ctions as 
they would be calc1-~lated -oy an op~rator not kum,-i.r:q tha.t the 8:tges 
of the rosett. e W01:'O rrLi.en}inod are comparod Kith 'the tru6 prinCi -
pal strains and their d 2..: 2ctions and the error's i1"~.~.'oduc,e(l by mis-
alinemont thereby r1.Gterm] lled in the form of cor:..''3c. vi.on :factors . 
The errors are determined. for rosettes of rccta:le','llar a:ld oqui -
angular design and are defined by the following equations : 
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Case I - Rectansular rosette, 6ages theoretically 0°, 45°, 
and 90° apart. -
E:p I = E:p + 0 . 00875 Ylt!a.X M (1) 
where M is 
E:~' = E:~ + 0.00875 Ymax M (2 ) 
where M is 
and 
, I (p , £~ 
Ymax 
(63 - 61) sin2 281J 
0.25 (61 - 63) sin 481 ] 
(3) 
true major and minor principal strains at test point 
apparent major and minor principal strains as calculated 
by neglecting misalinement of gage components of 
rosette 
maximum shear strai~ at test point 
theoretical angle of reference gage 1 of rosettes measured 
counterclockwise from direction of (p ' (The gages of 
a rosette are arbi~rarily numbered 1, 2, and 3. In 
rectangular rosettes, gages 2 and 3 are theoretically 
oriented at 45° and 90° counterclockwise to gage 1; in 
e~uiangular rosettes gages 2 and 3 are oriented at 60° 
and 120° counterclockwise to gage 1.) 
directions of E:p and (p' measured counterclockwise 
rrom gage 1, degrees 
61,62,63 misalinement of gages 1, 2, and 3. (Misalinement is defined as the angle in degrees between the theoret-
ical and the actual directions of gages 1, 2, and 3. 
61, 62, and 63 are positive if gages 1 , 2, and 3 
ara oriented at ~light countercloclGrise angles to 
their theoretical directions as shown in fig. 2.) 
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Case I I - Equianr,ular r osette , gages theoretically 0° , 60° , 
and 1200 apart . -
(p ' = (p + 0.00875 'Ymax M 
.There M is 
(4) 
[~ (63 - 62 ) (cos 201 - cos 481 ) + ~ (6 2 + 63 - 261 ) (sin 281 + sin 481~ 
where M is 
[\~ (63 -
where M is 
E:q ' = € q + 0 . 00875 'Ymax M 
8 r = p 
EFFECT OF MISALINEMENT 
(5) 
The user of a rosette does not , in genoral , know how much 
misalinement is pr esent among the gages constituting the rosette; 
hence, the proper corrections as defined by equations (1) to (6) 
cannot be applied . The equations have utility, hovrever , in 
pointing to qualitative errors that might be expected in a given 
application and to some general principles that constitute good 
tecllllique in interpreting strain-rosette data . Several important 
deductions that may be made from the equations are summarized as 
follows ; 
1 . The error in the determination of magnitude and directions 
of principaJ_ strains resulting from the use of a misalined rosette 
depends upon the orientation of the reference gage of the rosette 
relative to the priilcipal axes as well as misalinements among the 
gages within the rosette . This factor is to be expected inasmuch 
as the general orientation of the rosette determines whether one 
or more gages of the rosette will be oriented along a critical 
direction in which the strain rapidly varies with slight changes 
in angular orientation. 
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2 . Small angular misalinements of the strain gages of a rosette 
can result in determinations of principal strains that are only mod-
erately different from the true principal strains . Unless deter-
minations accurate within better than ±2 percent of principal strains 
are required, misalinements of 10 or 20 may be tolerated . 
I'm inspection sf equations (1) to (6) sho\.s that, assuming all 
the 6's to be of the same magnitude ~ (but of ururnown sign), the 
EmUs of the possible errors are given by: 
(p I - (p < 0 . 052 "max ~ } (q I - (q < 0.052 "max ~ rectangular rosette 
ep 
I 
- Op < 2. 5 6. 
(p I - ( < 0 . 032 "max ~ 1 p (q I -( < 0 . 032 "max ~ equiangular rosette q 
en I - e < lo6!!. J 
.c p 
3 . When the problem of misalinement is considered in a prac-
tical application, there appears to be little inherent advantage in 
using either the rectangular or equiangular rosette in preference 
to the other . Although the equianglllar design may be better than 
the rectangular f or a given misalinement and reference - gage orien-
tation, random misalinements and reference -gage orientations may 
produce as much error in one type of rosette as in the other . 
4 . For a given misalinement among the gages of a rosette and 
orientation of the reference gage relative to the prinCipal axes, 
the error in the determination of the principal strains is propor-
tional to the maximum shear strain at the test point . Thus, par -
ticular concern should be given to alinement of gages when measure-
ments are to be made in fields of pure shear . 
5 . The error in the determination of principal directions from 
data obtained from misalined gages of a strain rosette is of the 
same order of magnitude as the misalinements of the gages within 
the rosette ; that is , no disproportionate errors in locating the 
principal directions are introduced by moderate misalinements in the 
gages of the rosette . 
6 . As a deduction from deduction 5 and the property of rectan-
gular rosettes given in deduction 3, it follows that an accurate 
method of determining the prinCipal strains at a desired point, even 
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when some doubt exists as to the proper alinement of gages in avail-
able rosettes, is to determine first the approximate directions of 
principal strains by means of a rosette and then to determine the 
magnitude of the principal strains from a second rectangular rosette 
so oriented that the reference gage lies very nearly along a prin-
cipal direction . 
EXPERTh1ENTAL CIillCK ON MISALINEMENT OF ROSETTE GAGES 
An experimental survey was conducted to determine the errors 
introduced by misalinement of the strain gages of a rectangular 
rosette. The rosette was constructed of three bobbin-wound 
Bakelite-impregnated strain gages of 1/16-inch gage length. Gages 
of 1/16-inch effective length vTere used in preference to larger sizes 
in order to obtain a rosette of very small dimensions. These small 
gages have been used at the Cleveland laboratory for some time and 
have proved to be as reliable as any of the larger sizes. Because 
no special precautions were taken to aline the gages perfectly, some 
misalinement v18s expected among the gages , The rosette was mounted 
at the center of an accurately machined l6-sided duralumin polygon 
similar to that used by Dow in reference 8 , Figure 1 shows the 
polygon and the attached gages. 
The polygon was then mounted in a hydraulic testing machine of 
120,000-pound capacity and the strain indication of each of the 
three gages was observed as the load on the block was increased in 
increments of 20,000 pounds. The block was then rotated 22~0 and 
the strain indication of each of the gages again observed for equal 
increments of load. Surveys were conducted for each 221
0 
rotation 
for 1800 . 2 
The exact alinement of the gages relative to one another was 
then determined in the follovring manner: 
If three successive strain indications are obtained from a 
single gage of the rosette as the duralumin block is loaded on pairs 
of faces 450 apart, these indications can be considered as the indi-
cations from the three gages of a perfectly alined rosette. Because 
the durnlumin block is ac~urately machined, the faces are exactly 450 
apart; hence, the gagos of the hypothetical rosette relative to the 
prinCipal axes of strain can then be determined from the three strain 
readings and, inasm.uch as the principal axes of the loaded polygon 
are knClm to be perpendicular and parallel, respectively, to the 
loadod facos, tho direction of each gage can be determined in relation 
to YJlown directions on the duralumin block. In this manner it was 
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determined that the rosette tested cons i sted of gages at angles of 
0 . 8750 , 48 0 , and 92 . 080 relative to the assumed direction of gage 1 
lnstead of t:le 1deal 00 , 450 , and 90° j hence, 
A comparison of the true ?rinci~al strains , the principal 
strains as JetcrIained from simnl taneous readings of the rosette, 
and the t;leo:;:et::'cal principal straj_ns as calculated from the equa-
tions derived in this re:Qort is given in table 1. Experimental 
values closely ag:;:-ee with "the valuos :;;redicted by the equations 
derived in this report . Because the experinental results do not 
excessively devia"ce from the theoretical results , misalinements of 
the order of 20 can be tole:;:-ated wit~ only moderate errors in com-
puted apparent )rincipal st~ains . 
The strain at an angle e to the major pr i ncipal strain is 
gi ",ren by the f OrLlula 
E: o ~ [(E: P + E: q ) + (E: p - E: q ) cos 2e] (7) 
A perfect strain Gage oriented along the direction e will yield 
an indication pl'o?ortional "CO the stl'ain as given in equation (7) . 
Short gages , such as those ~sed in this experiment , are affected 
by cross stl~ains as "I"rell as by the strain along which the gage is 
alined but the st~ain indication of the gase can still be given by 
the relation 
E: e = a + ~ cos 28 (8 ) 
"I"rhere a and 13 are variables that depend on the principal strains 
as well as on the size of the gages . When the data from a _osette 
consisting of gages t~lat are subject to cross strains are substituted 
in the usual f ormulas f or detel-mining principal strains , the calcu-
lated strains are not the principal strains but the strains numer-
lcally equal to (a + 13) and (a - ~) . 
Because the derivations of the correction factors did not take 
into account cross strains , these co~rections apply to the principal 
strains only when the gages employed are not subject to cross strains 
and t') the values of (a + 13) and (a - 13) when the ga es are subjocted 
to cross strains . This experiment verified that the corrections 
apply to the values of (a + ~) and (a - f3) . 
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CONCLUDING REMARKS 
The method used to determine the misalinements present in the 
rosette tested also provides a general method of checking repre-
sentative rosettes of a given design for accuracy of alinement . A 
sample rosette way be applied to the center of an accurately 
machined polygon and the orientation of each gage independently 
determined relative to fixed axes on the polygon . The relative 
orientation of the gages among each other may thereby be very 
accurately detel~ined . 
Aircraft Engine Research Laboratory, 
National Advisory Committee for Aeronautics, 
Cleveland, Ohio, April 17, ~946. 
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APPENDIX - DERIVATION OF EQUATIONS 
The t rue s train. €e at an angle e to the di rection of tlJe 
major principal axis i s given by the following e~uation from ref-
e_enoe 5 ( p . :'10 ): 
( 9) 
Ga e 1 is at an angle of ( 3600 + 61 ) to its I1.ssumed directlon and 
therefore a t an angle of ( e1 + 3600 + 61) to the ma,jor principal 
axj. s . Hence 
q , - % [( ( p + (q) + «( p - E '1) co s 2 (81 + 360 + 61)] 
(1 ' - ~ [« (p + E g) + (E: p - E ~)(COS 281 cos 261 - sin 281 sin 261 )J 
where 
strains indicated by ga~ es 1, 2 , and 3 of rosette 
angle of gage 1. from direction of major principal 
axis , deg 
If 6 2 i.s a small angle expressed in radians 
Or if 62 is expressed in degrees, as is done in this report 
cos 262 1 
0 . 035 62 
and 
Case I - rectangular rosette . - Gage 2 is at an angle of 
( 4~0 + 62) to gage 1 and therefore at an angle of (e1 + 450 + 62) 
to the major principal axis. The strain E2' is expressed by 
E: 2 ' :::: ~ [(Ep + E: CJ. ) + ( Ep - E~) cos 2 ( 61 + 45 + 62)J 
9 
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which reduces to 
(2' = ~ [«(p +(Q.) - (E: p - E:q)(sin 2e1 + 0.035 62 cos 281 )J (11) 
Gage 3 is at an angle of (900 + 63) to gage 1 and therefoTe at an 
angle of (81 + 900 + 63) to the major principal axis. The strain (3' 
is expressed by 
which reduces to 
If the values from equations (10), (11), and (12) are substi-
tuted in the usua:_ equations for calculating principal stratns, 
(13) 
Then apparent princJpal strains E: p' and €q' are calculated 
(p' = €:p + 0.00875 tmax M (1) 
where M is 
(q' = E:q + 0.00875 tmax M (2) 
where M is 
If the values from equations (10), (11), and (12) are substi-
tuted in the usual equation for calculating the direction of the 
major principal axis measured from gage 1 of the rosette, 
(14 ) 
Then 
I 10 ~J 
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tan 2ep ' :::: - M 
where M 1s 
2 sIn 2e1 - 0.035~1 sin 2el + 0 . 035~3 sin 2el + 0 . 07~2 cos 2el 
- 0 . 035~1 sin 2el - 0.0, 5~3 sin 2el + 2 cos 2el 
( 15) 
Equation (15) defines an apparent angle ep t , which would be 
calculated as the dj_rection of the ma,jor principal axis measured 
sOlliiter clockwise from the direction of ~l ' Let ~ be the dis-
placemer,t of the apparent principal direction from the true prin-
cipal direction, then -by figure 2 
Therefore 
:: 
Bp' :::: 360 + ~ - Bl 
tan 2el - tan 2~ 
1 + tan 261 tan 2~ = 
tan 261 - 0 . 0356 
1 + 0 . 0356 tan 261 
sin 2e-.l_ - 0 . 0356 cos 2e1 tan 28p t :::: - __ ='.:-_--;~=-;--__:____;~ 
cos 2e1 + 0 . 0356 sin 261 (16) 
After the two expressions for tan zep' in equations ( 15) and (16) 
have been equated, the value of ~ may be calcul ated. 
6 :::: - [tl2 C082 201 +0 . 5 (61 +63) sin2 2e1- 0 . 25 (61- 63) sin 4eJ 
(17) 
Therefore 
(3) 
where 1>1 is 
[62 cos2 2e1 + 0 . 5(61 + 63) sin2 281 - 0.25 (61 - 63) sin 461J 
Case II - eq,uiangular rosette . - The expression for (1' of 
the equiangular rosette is the same as thgt for ~ 1 t of the rec-
tangular rosette . 
11 
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= ~ [(E:p + (q) + (E: p - (q) cos 2 (B1 + 1I2 + 60)J 
1 
= -- M 
2 
where M is 
(18) 
J( (p +< 0) - (C p - <q l (1 + 0 .0175 "'3~2 '. cos 281 + (.13
2 
- 0 . 0175110/) sin l - ~ l\2 ;' ~ 
(3 ' = ~ [(E:p + E: q ) +- (Cp -- E: q ) cos 2(Bl + 1I3 + 120)J 
1 
=':::M 
2 
where M is 
(19) 
t(c p Hq) -« I' -c q{(~ -0.0175 J3~3) cos 281 - !(; + O.0175~~) ain 281 J} 
If equations (10), (18), and (19) are substituted in the expressions 
f or principal strains 
(p'q = (1 + (; + (3 ± '1 V(~~--:-~ 2)2 + «(1 - -(-~)2+~-_ (3)2-
(20) 
When small quantities of' the second order of magnitude are neglected 
E:p' = E:p + 0.00875 Imax M ( 4) 
where 11 is 
G (~3 - 62) (cos 281 - coa 481) + j (~2 + ~3 - 261) (sin 281 + sin 481)J 
( q ' = (q + 0.00875 r max M (5) 
where M is 
The angle of the major pri ncipal axis measured counterclockwise from 
gage 1 j s given by 
12 
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(21) 
With equationA (10), (18), and (19) substituted 
tan 2e1)' = - M 
L (22) 
where M is 
.5(O . 017f1)(62 +63) cos 2el+L~+ J3 (0.0175)(63-62)] sin 281 
[:i + 0 .0175.f3 (62 -63)J cos 281 - [0 . 0761 +0 . 0175 (62 +63)J sin 281 
'(-lith equation C22) equated to equation (16) for an equiangular 
rosette 6 becomes 
6 =-[~ (6~-62) sin 481+i (62 +6;:.) (2 C082 2el+1)+~ 61 sin2 2e1] 
(23) Hence 
where M is 
e ' p = ep - 111 
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TABLE I - ~XPERIMENTAL .AND PRt,~IcrED ERRORS CAUSED BY tI.JSi\LIIIJ~NT 
OF STRAn~ GAGES IN A RECTANGULAR ROSETTE 
I Theoretical angle 
of gage 1 with 
r.Jajor principal 
strain, 61 (deg ) 
0 
1 2~ 
45 
1 
672 
90 
1121: 2 
135 
1571: 2 
180 
\3.11 strains are in microin . lin.] 
Major apparent Mi.nor apparent Major principal axis ori-
princtpa1 strai!l pr:tnci:!;'''l.l strain entation t o gage 1. (deg ) 
, Pre-
I 
True!E~er- Pre- I True, Exper-I Pre- True Exper-
limen- dicte~n- dieted I lman- dicted' 
tal by tal by I I tal by 
I equa- equa- equa-
tion !tion tion 
175 177 175 1- 283' - 285 ! - 283 -0 . 9 - 2 . 2 -3. 0 
175 186 I 187 -283 - 286 i - 288 - 23 .9 - 2t . 1 -25.0 
175 188 165 1-2831 - 284 - 283 - 45 . 9 I - 45 . 5 -46.5 
175 178 I 175 i - 283, - 278 - 276 I - 68 .4 - 68 . 6 -69. 5 
175 178 1175 - 283 - 284 - 283 I - 90 . 9 -92 . 0 
-93 '°1 
175 179 180 -283 - 291 - 295 - 113 . 4 -114. 7 -115.0 
175 175 175 - 283 - 291 - 292 -135 . 9 -135. 6 -136.5 
1175 169 168 - 283 - 283 - 283 -158 .4 
-158 ·7 -159.5 
1175 177 I 175 - 283 - 285 - 283 -.9 - 2 . 2 -3 .0 , 
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NACA TN NO. 1133 Fig. 
Figure I. - Polygon for testing alinement of strain gages in 
rosettes. Three strain gages one-sixteenth by one-six-
teenth inch shown mounted in form of rectangular rosette. 
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(a) Rectangular rosette. 
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Fig. 2 
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(b) Equiangular rosette. 
Figure 2. - Rosette strain vectors. 
